A survey of the plasma environment within Jupiter's bow shock is presented in terms of the in situ, calibrated electron plasma measurements made between 10 eV and 5.95 keV by the Voyager Plasma Science Experiment (PLS). These measurements have been analyzed and corrected for spacecraft potential variations; the data have been reduced to nearly model independent macroscopic parameters of the local electron density and temperature. The electron parameters are derived without reference to or internal calibration from the positive ion measurements made by the PLS experiment. Extensive statistical and direct comparisons with other determinations of the local plasma charge density clearly indicate that the analysis procedures used have successfully and routinely discriminated between spacecraft sheath and ambient plasmas. These statistical cross correlations have been performed over the density range of 10 -3 to 2 x 102/cm 3. These data clearly define the bow shock, the magnetosheath (30-50 eV) the magnetosphere (10-•-/cm 3, 2-3 keV) as well as the periodic appearances of the plasma sheet which are illustrated to be routinely cooler than the surroundings. The proximity of the plasma sheet defines a regime in the magnetosphere where very cold electron plasma (as low as 50 eV) at 40 R: can be seen in unexpected density enhancements. These plasma 'spikes' in the density can often represent an order of magnitude enhancement above the ambient density and are correlated with diamagnetic depressions. These features have been seen at nearly all magnetic latitudes within the plasma sheet. The temperature within these spikes is lowered by similar factors indicating that the principal density enhancements are of cold plasma. The plasma sheet when traversed in the outer magnetosphere has a similar density and temperature morphology as that seen in these 'spikes.' In all cases the plasma sheet crossing lasts for intervals commensurate with that defined by the diamagnetic depression in the simultaneously measured and displayed magnetic field. The electron temperatures in the plasma sheet in the outer and middle magnetosphere appear to have a positive radial gradient with jovicentric distance. The electron temperature is observed to be lower on the centrifugal side of the minimum magnetic field strength seen in each sheet, while the suprathermal electron density is enhanced symmetrically about the locally indicated magnetic equator. The electron distribution functions within the plasma sheet are markedly non-Maxwellian; during the density enhancement of the plasma sheet the thermal sub-population is generally enhanced more than the suprathermal population. The suprathermal fraction of the electron density within the plasma sheet is an increasing function of jovicentric distance. Direct, in situ sampling of the electron plasma environment of Io's toms clearly illustrates that the system is demonstrably removed from local thermodynamic equilibrium; these measurements illustrate that between 5.5 and 8.9 R• there are sizeable systematic variations of the macroscopic and microscopic parameters; there are at least three electron thermal regimes within the toms. These three regimes have mean electron energies in the outer, temperate, and inner toms of the order of 100, 10-40, and less than 5 eV, respectively. The distribution functions in these regimes are always non-Maxwellian with the suprathermal population an increasing fraction of the density and partial pressure with increasing distance from Jupiter. The common non-Maxwellian character of the electron toms plasma unequivocally implies that' the electrons and ions cannot locally have the same temperature if binary Coulomb collisions are the only scattering present in the plasma toms. The direct in situ toms electron spectra are shown to be compatible with a number of indirect assessments of the electron state in the toms including observations of plasma hiss, whistler Landau damping, gyro-harmonic emissions, possible asymmetric sink for collisional ionization of sodium, and capacity to ionize sulfur whose presence is implied by the optical and EUV measurements. It is also suggested that the Io plasma toms is the limiting form of the plasma sheet, possibly being its complete direct source, since a progression in the fractional number in the cold, or thermal number density is clear: this fraction is 0.999 in the inner toms, but only 0.5 in the plasma sheet at 40 R•. We have tentatively concluded that the radial temperature profile within the plasma sheet is caused by the intermixing of two different electron populations that probably have different temporal histories and spatial paths to their local observation. The cool plasma source of the plasma sheet and spikes is probably the Io plasma toms and arrives in the plasma sheet as a result of flux tube interchange motions or other generalized transport which can be accomplished without diverting the plasma from the centrifugal equator. The hot suprathermal populations in the plasma sheet have most recently come from the sparse, hot mid-latitude 'bath' of electrons which are directly observed juxtaposed to the plasma sheet. As the cool plasma is diluted by filling an increasing volume as it undergoes radial expansion, the outer hot bath of electrons can increasingly dominate until at sufficient radial distance the sheet per se does not exist anymore. 
In 1976 evidence for ionized sodium plasma was announced and Kupo, Mekler and Eviatar reported the emission features in Io's spectrum which they assigned to the deexcitation transition of collisionally populated excited states of singly ionized sulfur, which has an ionization potential of 10.4 eV. The ionized sulphur emission appeared to be strongly anti-correlated with the neutral sodium emission, which led these authors also to infer that collisions, which Using the Voyager data there have been a variety of additional inferences of the properties of the electrons within Jupiter's magnetosphere. In varying degrees these measurements require certain assumptions about (1) the distributed plasma volume sampled in the case of integral or line of sight measurements or (2) the inferred phase space distribution of electrons or (3) arguments by analogy with the earth's plasma properties. The principal tools (inferences) in these efforts have been the rich variety of EUV emissions reported and discussed by Broadfoot et al. [1979] , Sandel et al. [1979] , and Shemansky [ 1980] (apparent line of sight average electron temperature (•10 eV) and densities), radio propagation characteristics during the Io torus occultation of the Voyager spacecraft (average electron density in torus column) by Eshelmann et al. [1979] , the gyroharmonic electrostatic emissions (local 'cold' ne) by Warwick et al. [1979a] , and assignments of the upper hybrid 'line' (n3 by Gurnett et al. [1979] versus Warwick et al. [1979b] . Of all these inferences those determined by the cutoff of the continuum plasma radiation as determined by the broadband data discussed by Scarf et al. [1979] , Barbosa et al. [1979] , Gurnett et al. [1980] and in detail by Gurnett et al. [1981] are most directly related to the local total electron density at the spacecraft. Other electron properties, such as the apparent "toms average" electron temperature (if it were Maxwellian) was inferred from the frequency dependence of damping of the whistler mode radiation by Menietti and Gurnett [1980] ; densities of keV electrons were inferred by Coroniti et al. [1980] within Io's toms to support the hiss noise reported there; non-thermal electron distribution functions were invoked by Warwick et al. [1979a] and Birmingham et al. [1981] for the Io toms measurements, by Barbosa et al. [1979] and Kurth et al. [1980] during the crossing of the magnetic equator inside of 23 Rj in order to understand the gyroharmonic electrostatic emissions observed as in analogy to that seen at earth. Recently, Strobel and Davis [1980] have also suggested that a non-thermal distribution of electrons is required within the plasma toms of Jupiter to understand the line intensities and features observed by the EUV measurements.
Voyager In Situ Electron Measurements
This paper documents the first quantitative definition of the electron thermal plasma environment within Jupiter's magnetosphere in terms of the plasma electrons that are directly observed by the Plasma Science Experiment (PLS). However, local time morphology is not addressed in the current survey. This experiment has been fully described by Bridge et al. [1977] and is the first low energy plasma instrument designed specifically to operate in the solar wind and within the magnetosphere of Jupiter. Initial Jupiter encounter PLS results, primarily of ions, have been reported by Bridge et al. [1979a Bridge et al. [ , 1979b , McNutt et al. [1979, 1981] , Sullivan and Bagenal [1979] , Bagenal et al. [1980] , and Belcher et al. [1980] . The electron populations between 10 eV and 5.95 keV have been routinely sampled in the solar wind by the Plasma Science Experiment since the instrument turn-on, have been successfully analyzed, and have been reported in the literature [Sittler et al., 1979; Sittler and Scudder, 1980] . As will become clear in the analysis section of this paper, our quantitative encounter analysis makes detailed use of the average properties of the spacecraft surface that have been gleaned from an extensive cruise data reduction that has only been recently completed. In a forthcoming paper results from this cruise analysis will be given, including a comprehensive discussion of the analysis procedures used which are only cursorily discussed in this paper. This order of the data reduction was required in order to preserve the independence of the direct electron analysis from the parallel and ambiguous determinations that are implicit in E/Z measurements of the ionic phase density (PLS and LECP). In order to appreciate the great value of the complementary electron measurements in defining the magnetosphere of Jupiter on the Voyager mission, it should be realized that there is no unique way of assigning the partition by number of the ionic plasma composition below Eo --200 keV. The ionic discrimination above this energy is determined by solid state methods as reported by Krimigis et al. [1979a, b] and Vogt et al. [1979] . Varied heavy ion composition has been clearly shown above Eo as well as in the EUV emission features that have already been alluded to. Since the direct, local low energy (E < Eo) ionic measurements are only resolved with respect to energy per unit charge, there is a certain subjectivity involved in assigning this much of the flux in a given channel to species X and this fraction from species Y,-.., which per chance have the same energy per unit charge. This degeneracy has until now been approached in two ways [Belcher et al., 1980; Krimigis et al., 1979a] . The first of these approaches (PLS) assumes that multiple species, if present, should have a common corotational bulk motion, and examines the patterns in the determinations on this assumption that are seen in A/Z implied; in particular, when individual peaks are not resolved, the species present are assumed to be similar to that most recently seen, with the smearing of the fluxes attributed to an enhanced thermal speed for these populations. The LECP team's approach to the analysis of their measurements assumes that the composition directly measured at E > Eo is the appropriate compositional distribution of the lower energies (E < Eo) where the phase space densities are in principle degenerately mixed. Studying the constraint of local gross charge neutrality with the availability of the electron density can help to decipher the convolutions over species present in the raw ion fluxes for energies below Eo.
The complications of blended ionic phase densities are not present in the energy per unit charge fluxes of negatively charged fluxes, except in those unusually cool plasmas where stable anions can reside with significant lifetimes against breakup; anions usually have very low binding energies (Es < 1 eV) relative to even the lowest quantitative electron temperature that have been directly determined within Jupiter's magnetosphere. However, an exhaustive list of anions (and their binding energies) that could result from the demise of neutral volcanic gases is not available, and there has been a recent suggestion [Cheng, 1980] that there should be a significant number of anions within the plasma torus. By the usual pick-up arguments for newborn (an)ions, these heavy anions if dominant by number would have nearly the corotational bulk and thermal energy, making them conspicuous transonic peaks in the negative flux currents. A search for such distributions is in progress; however, for the data discussed in this paper these signatures are not discernible nor likely to be present.
In view of the controversy surrounding the interpretation of similar energy range measurements on the Pioneer spacecraft, the initial sections of this paper are devoted to validating the measurement and analysis procedures. This is done by comparing quantities determined solely from the 'm situ PLS electron measurements with other quantities that are independently measured and that are theoretically expected to be comparable. These comparisons are of three types: (1) direct comparisons of the PLS electron densities with those determined from the continuum cut-off as reported by Gurneit et al. [1981] ; (2) pressure balance studies across interplanetary and magnetopause discontinuities; and (3) internal comparisons between the electron charge density inferred at NASA/GSFC from the PLS electron fluxes, with the ion charge density determined independently by our MIT colleagues from the positive ion fluxes [cf. McNutt et aL, 1981] . These comparisons indicate that our electron analysis procedures are routinely compatible with the theoretical requirement of charge neutrality of the plasma on spatial scales larger than the debye length. These comparisons span four and one-half orders of magnitude in ambient density (5 x 10-3-2 x 10•/cm 3) and clearly indicate that routine discrimination between ambient electron population and those characteristic of the spacecraft sheath has been accomplished even in the rarefied distant magnetosphere. These comparisons span regimes between the magnetopause and closest approach on both spacecraft, including outer magnetosphere, middle magnetosphere and within the plasma torus. Having validated our basic measurement and analysis procedures we will highlight the regimes suggested within the magnetosphere as defined by the non-relativistic electrons and discuss their relationship to the growing body of inferences from the indirect measurements referred to above as well as their relationship to the ion morphology reported by PLS and LECP [Krimigis et al., 1979a, b] .
B. PLS ELECTRON INSTRUMENT
The direct sampling of the ambient plasma electrons between 10 eV and 5.95 keV was obtained on the Voyager spacecraft by a cylindrical, potential modulated Faraday cup which is usually oriented nearly orthogonal to the solar direction on the ordinarily attitude stabilized spacecraft. The design of the cup and its relation to the other PLS sensors is discussed extensively in Bridge et al. [1977] . The currents transmitted to the earth are determined by ac synchronous current detection and do not contain dc background contributions that arise from penetrating (unmodulated) radiation. The field of view of the cup (variously referred to as the side or 'D' cup) is +_45 ø and the response is cylindrically symmetric about the normal to the collector [Binsack, 1966; 1978; S. Olbert, private communication, 1980]. The fluxes measured by the instrument are essentially differential in the normal component of the electron speed to which it is tuned; however the detector's response is integral with regards to the velocity components transverse to the cup normal. (These concepts are discussed in detail in Sittier [1978] and Sittier et al. [1979] .) As discussed extensively in Sittler and Scudder [1981] , the phase space distribution function along the cup normal is retrievable in spite of the integral character of the detector's transverse response, so long as the velocity windows Av are everywhere small compared to the magnitude of the reciprocal of the local logarithmic derivative of the distribution function with respect to speed. Loosely, this condition is equivalent to saying that the velocity windows are narrow with respect to the thermal spread, w, of the electron distribution. At low energies (below 140 eV), the speed windows are of the order of 300 km/s, whereas even a very cold electron plasma with a 2 eV temperature has a thermal speed of 1000 km/s; in the key regime of electron temperatures, the thermal speeds are on the order of 20,000 km/s, and the instrument window widths Av --• 4000 km/s; therefore, this condition of differential measurement is routinely met so long as the plasma-spacecraft floating potential is not excessively high. As outlined below we explicitly determine the self-consistent floating spacecraft potential and show that this latter concern is not a serious problem for the Voyager vehicles.
It should be noted that our present analysis has neglected the corrections resulting from secondary electrons emitted from the collector plate of the cup and not successfully returned to it by the supressor grid. However, a preliminary study indicates that this effect will result in an underestimate of the electron density by no more than 10% for Te < 100 eV, and no more than 30% for Te > 100 eV. Such corrections will be made in the near future. 
is the speed that an electron collected at the spacecraft with an observed speed Vo would have had prior to dropping through a spacecraft potential e•sc. The factor of 4•r embodies the assumption that the phase space sampled in the direction of the cup normal is representative of 4•r sr. The nature of the isotropy assumption in the spacecraft frame implies that the electron plasma pressure is approximated as isotropic and that the excellent approximation that the plasma flow velocity, U, scaled by the electron thermal speed, w, is small. For our calculations we have assumed U/w = O. The large thermal speed of electrons (T = 2 eV implies w • 1000 km/s!) makes this latter approximation excellent nearly everywhere in astrophysical plasmas, unless the odd moments of the plasma such as bulk velocity or heat flux are themselves being determined [cf. Ogilvie and Scudder, 1978 ]. In the above approximation one can show using Liouville's theorem that the phase density f(va) • f(Vo), (i.e., implementing a simple energy shift correction), so long as the sensor does not sample an appreciable fraction of electron trajectories passing closer than 45 ø to the spacecraft skin. For the Voyager PLS instrument this condition is always met [Sittier, 1978] . The extent of good correlation of the derived quantities in the presence of these assumptions will be commented on below.
The limits of integration defined above are those of the kinetic definition of density and temperature. Usually the distribution function f(va) is not sampled directly at or near zero va by the electron experiment with its low energy threshold of 10 eV. We attempt to correct to first order for the low energy variation of f(vd) below our threshold by extrapolating the Gaussian tendency indicated by the first few channels above our energy threshold. In addition, the integrands go to zero in this vicinity as va 2 and va 4 assuming that f is not varying too rapidly below 10 eV relative to that indicated by the channels above 10 eV. These two effects imply that small contributions to the integrals are made below 10 eV except in the circumstance that the low energy Gaussian 'temperature' is much colder than 10 eV, or the electrostatic spacecraft plasma potential is negative by an amount comparable to the local plasma electron temperature. This effect yields uncertainties rarely larger than 5%, when T, is greater than 5 eV, which is the situation in most of the magnetosphere. The actual observations do not extend to infinite energy, either. However, the 6 keV upper energy limit is generally large enough to estimate the trend of f(v) near the upper threshold. This trend plus the knowledge that f(v) must go to zero faster than 1/v 2 in order that the density exist, allow estimates to be made for the unmeasured density and the fractional iraprecision caused. Because the characteristic energy as reflected in T e determined in this way is rarely over 2-3 keV, these fractional corrections to the density from E > 6 keV electrons are only 10% when the temperature is this high and much smaller if the characteristic Te is smaller.
It should be reemphasized that this approach has attempted to quantify the electron properties as a kinetic gas, deriving densities and temperatures that do not refer to a particular energy range but to the gas as a whole. In this sense the derived temperatures represent evaluations of the mean random energy possessed by the gas; this quantity, as is well known, agrees with a similar value determined by fitting a Gaussian (MaxwellJan) to some energy sub-interval, provided the distribution is known to be Maxwe!lian in the measured energy range and over those energies which dominate the density and temperature. This fortunate circumstance is rarely encountered in astrophysical plasmas; the observed distributions generally possess suprathermal tails. This point has recently been reemphasized in connection with the observed ions at Jupiter by Belcher et al. [1980] . Regardless of the non-thermal tails, the energy densities of all the particles do act as the gas pressure; in this sense the numerically determined quantities outlined above do characterize the electron density and pressure, provided it can be documented that (1) all the ambient electron density is accounted for and (2) that the extrapolation above 6 keV makes a small contribution to the pressure integral.
The remaining particular in carrying out these quadratures, is the determination of the spacecraft floating potential, •Psc, as a function of time during the encounter. In theory and pr•ctice this is not a constant quantity, and the ability to infer how this quantity varies, is synonymous with the ability to exclude from the analysis those currents to the detector that arise from trapped photoelectrons and secondary electrons which encircle the spacecraft in a sheath. This quantity is determined with the assistance of the detailed analysis and comparison of the solar wind cruise analysis that will be briefly discussed in the next section.
D. SPACECRAFT POTENTIAL AND RETURN CURRENT

RELATION
The spacecraft potential is dynamically determined in two different ways depending on the availability of ion charge density constraints. The random scatter about a slope one line slightly displaced above the slope 1 line n_ = n+ probably reflects the high level of temporal fluctuations in the medium implicit in the PWS broadband data, and also explicitly shown in the PLS data (cfi The spectrum with the triangle points is taken just on the magnetosheath side of the boundary layer, and is typical of the sheath for some distance away from the boundary layer.
This spectrum has a well developed non-thermal tail as well as a prominent cooler component which comprises the bulk of the density; the characteristic energy of these cooler particles is 26 eV. The spectrum plotted with *.he squares is within the precipitous decrease of the density and temperature increase indicated in Figure 3 The suprathermal high energy tail within the boundary layer, with a characteristic energy of keV's, is seen to be enhanced by number, but with the same spectral shape as seen in the magnetosheath, perhaps indicative of magnetosphere magnetosheath interchange of electrons as the source of the non-thermal tails found in these regions. The variability in the low energy fluxes (below 140 eV) within the boundary layer is comparable to the noise level of the instrument.
Magnetospheric Side of Boundary Layer
On complete entry into the magnetosphere as shown by the open circle spectrum there are very few points below 140 eV that have signals greater than three times the noise. The channels in this energy range are much narrower than those above this energy and consequently they have larger threshold (dashed curve) phase densities than the higher energy chan-nels which are considerably wider above 140 eV. This spectrum has very nearly the same spectral form of the suprathermal tail seen in the magnetosheath and the boundary layer, but with all cool plasma excluded.
On this compressed scale, the magnetospheric spectrum looks nearly fiat but really spans almost an order of magnitude in phase density, so that an estimate can be made of the trend in the phase density at high energy to assess the number of uncounted electrons. By inspection it is clear that the characteristic rms thermal speed will be associated with an energy of several keV as is shown in the moments plot where the full numerical integrations for the moment density and temperature have been performed. The outer mid-latitude magnetosphere of Jupiter appears to be rifled with a sparse, hot (2-3 keV) characteristic energy electron population.
The exclusion of the cold sheath plasma from the outer por- a. Complex and variable. The spiky enhancements in the electron density and the correlated decreases in the electron temperature between 0200 and 0500 indicate the sudden, quasi-periodic appearance of electron plasma that is much cooler and denser than the hotter (2-3 keV) plasma more typical of the magnetosphere off of the plasma sheet at this radial distance. Such spikes would ordinarily be challenged as unphysical or processing artifacts. At the low densities of these measurements incomplete rejection of photoelectron fluxes from analysis could lead to such 'feed through' effects. This is not correct and the order of magnitude changes in the density within the 'spikes' are properties of the plasma indigenous to the region. This can be shown from the enhancements in the energy spectra of the electrons, but more simply, by referring to the magnetometer data plotted in this figure which show that the density enhancements are well correlated with depressions in the magnetic intensity. Although the sampled electron pressure does rise within these spikes, its variation is insufficient by itself to be the dominant compensating energy density within the plasma sheet 'spikes' traversed. Alternatively, these may not be static structures at all.
As can be seen from the temperature trace, these density 
T--(n,T, + nsTs)/(n, + ns)
where n½ and ns, and T. and Ts are the densities and mean energies of the thermal and suprathermal populations, respectively. Depending on which source is the dominant supplier of partial pressure to the observer, either limit of the temperMaxwellian distributed and accompanied by a reduced average random energy (300-800 eV); this minimum temperature within the sheet appears to be an increasing function of the radial distance; this thermal density is also an increasing fraction of the total density in the sheet as the planet is approached; (5) there is much variability in the time series on the time scale of 96 s surveyed in the outer magnetosphere--this time dependence is most prominent within and very near to the plasma sheet proper; and (6) quantitative agreement is excellent with the very accurate, but sparse, PWS broadband determinations of the electron density.
The Middle Magnetosphere
In this section we focus our presentation on two examples of plasma sheet crossings within the middle magnetosphere.
These examples have been chosen to illustrate the observed electron properties within the plasma sheet in more detail than previously shown for the outer magnetospheric sheet. The principal features to be illustrated are that (1) the density temperature anti-correlation noted in the outer magnetosphere persists; (2) the mean temperature in the sheet is further reduced as we approach the planet; (3) the temperature distribution within the plasma sheet is consistent on the inbound and outbound current sheet traversals with the pattern seen in the outer magnetosphere•being cooler on the centrifugal side of the magnetic minimum; and (4) The plasma sheet defined by the electrons is a region of enhanced density above the general background increase of the density profile; the sheet proper is not always a monotonic enhancement over the ambient profile, since it is punctuated at times with many temporal (or convective) perturbations. The total density enhancement over the ambient in this example is nearly a factor of 4-5, while the suprathermal density is only enhanced by --,50%. The hot (suprathermal) density enhancement is very nearly symmetric with respect to the magnetometer lambda angle, suggesting that it is concentrated in absolute terms and symmetrically distributed about the magnetic equator as expected in theory [Hill et al., 1974; Goertz, 1976b The enhancement in the total density is accompanied by the now familiar reduction of the mean electron temperature. At the minimum of the magnetic intensity within the sheet the observed temperature was as low as 100 eV as contrasted with the external values of 300-400 eV seen before 1800 SCET. This vaue is lower at this radial distance than comparable values seen in the outer magnetosphere (cf. Figure 5 ). This temperature is on average lower on the centrifugal side (X = 0 ø, 360 ø ) within the sheet than on the magnetic equator side and is precisely the pattern observed in the outer magnetosphere and illustrated in Figure 5 . The thermal subcomponent temperature appears coolest (T½ --10 eV) in a one sided manner near the observed magnetic minimum, being depressed by nearly an order of magnitude with respect to the thermal mean energy seen outside the plasma sheet proper. The lowest observed thermal temperature in the densest portion of the sheet is compatible again with characteristic temperatures in Io's plasma torus. By contrast the mean suprathermal energy is relatively unaffected during the sheet traversal, being reduced on the order of 20% with respect to external conditions. The traces of these derived quantities lend credence to the suggestion that the suprathermal populations observed within the plasma sheet are global populations that are not especially confined to the vicinity of their observation. By contrast the thermal population which contains the preponderance of the density are localized in a neutralizing response to the enhancement of the centrifugally entrained ions. This situation is similar in many ways to the solar wind, with the inhomogeneity of the system ultimately dictating the mix of local and global populations seen in any locale.
The density profile of the plasma sheet enhancement is not always monotonic, even when passed through a low pass filter, usually displaying a multi-maxima profile as in this example. The first density enhancement in the plasma sheet per se does not correspond to the abrupt magnetic signature of the 'current sheet' traversal as indicated by the polar angles of the magnetic field. This latter signature does accompany the extreme density maximum just after 1900 SCET. In the first of these density peaks, R. L. McNutt, J. W. Belcher, and H. S. Bridge (private communication, 1980) report the largest average mass (amu), whereas in the second (extreme) maximum the average amu of the ions is lower and the ions below 6 keV are coolest. As noted earlier the (total) electron temperature, T•, is •. minimum (with large variability) in the vicinity of the first density maximum which we have interpreted as the centrifugal extreme of the plasma sheet; this interpretation is consistent with the slightly higher average amu suggested for the ions found there. Initially it appears difficult to reconcile the ions being coolest in the vicinity of the magnetic equator extreme of the plasma sheet. However, it should be recalled that the minimum of the electron temperature is reflected in the total or moment temperature, whereas the ion temperatures below 6 keV pertain to fits to MaxwellJan forms. Since the contribution from suprathermal ions are probably important in the pressure balance in the sheet these contributions could be substantial. The contribution to the ion pressure from fluxes above 6 keV (i.e., suprathermal tails) must be considered before there is a real conflict between the electron and ion observations and theory.
Rapid fluctuations in the densest portion of the plasma sheet are commonly observed in the middle and outer magnetosphere. This variability in the moment parameters arises primarily from the changes of the density and temperature of the thermal subpopulation of the plasma. The periods of these variations in this middle magnetosphere example is approximately 7 min, which is shorter than the characteristic 30 min period of the fluctuations noted in the outer magnetosphere in Figure 5 . This figure and Figure 8 together with Figure 5 illustrate that the position of these spikes within the plasma sheet is more or less random with respect to magnetic latitude within or very near the sheet proper. Thus the profile of the cooler thermal population is more chaotic and on any given sheet traversal is probably not in its expected equilibrium position. These circumstances may additionally alleviate any apparent disagreements between the ion temperature morphology below 6 keV, the electrons, and theory.
In Figure 7 we have exhibited the speed distributions of' electrons observed at the times indicated by the arrows in the moment parameter plots of Figure 6 . The motivation for a multi-component, non-Maxwellian parameterization is immediately clear, since a simple MaxwellJan in this format is a parabola. To point out how far the electrons (and probably the ions) are removed from thermal equilibrium it is interesting to note that within the sheet on this day the number fraction of the suprathermal electrons is only 8%, whereas this subpopulation comprises nearly 88% of the electron pressure! This is an example of an astrophysical plasma with its internal energy density distributed in a way that is atypical of previously sampled space plasmas. This electron distribution which has been directly sampled with one instrument (PLS) may be a prototype for understanding the seemingly cont ß , , , , The outermost example of the torus has a mean energy of 120 eV, while the effective temperature of 92% of its distribution is 26 eV; the suprathermal electrons at this position possess four times as much partial pressure as the more copious thermal population. It would appear that various atomic processes as ordinarily parameterized could be variously more sensitive to either or both of these subpopulations: clearly collisional ionization rates will be sensitive to these suprathermal tails, whereas recombination rates are more sensitive to the effective temperature of the more numerous thermal particles. In short the 'canonical' methods invoked by Brown [1976] to remotely infer the density and temperature of the electrons within the torus do not apply in this first example of a 'planetary nebula' that has been sampled directly. A relaxation of the Maxwellian distribution assumption for electrons embedded in this theory appears to be required. As argued in connection with the solar wind distribution functions [Scudder and Olbert, 1979a, b] , the inhomogeneity of the plasma system connected to the point of interest determines the departures from local Maxwellian behavior. Clearly, the most general aspect of a planetary nebula is its proximity to the gravitational focus of the nearby planet; therefore the radical spatial inhomogeneities witnessed in the torus at Jupiter (where centrifugal forces produce the 'effective' gravity) are rather general properties of such systems and so, apparently, are the non- The plasma sheet sub-population properties have been monitored and these data suggest that the average temperature within the sheet (while always cooler than its immediate off' sheet surroundings) is decreasing as we approach the planet. Microscopically, this arises because the mix of cooler thermal populations which seem to supply the thermal regime of the electrons is getting stronger than the supply of suprathermal phase density from the hot reservoir above the sheet proper. Consequently by the law of partial pressures the average temperature of the electrons in the plasma sheet decreases, until within Io's torus the average temperature of the electrons is nearly that characteristic of the thermal subpopulation. We have therefore tentatively identified the vicinity of the Io torus as the most immediate source for the cool electron thermal populations seen within the plasma sheet. We have also suggested that the time variability witnessed in the vicinity of and within the plasma sheet may be indicative of interchange motions that were actually in progress that were bringing torus material out to the distant magnetosphere, even as the observations were being made. It is by no means clear that the theories of interchange motions have seriously considered what the thermodynamic signatures of such motions should be for the electron portion of the plasma. This is particularly troubling since the interchange process proceeds on a very slow (MHD) time scale, whereas the temperature signatures of the electrons within these stratified flux tubes can change dramatically because of the inordinate mobility of et al. [1981] is 30.8/cm a. This density yields an upper hybrid ' the electrons. frequency of 49.9 kHz which is well within the PWS 15% (3dB) bandwidth of the 56 kHz channel. These direct measurements support the interpretation of the PWS team, and provide a resolution of the uniqueness problems of some of the plasma wave indirect methods. Kaiser and Desch [1980] have recently also concluded by independent arguments that the previous PRA interpretation was in error.
The comparisons of the PLS n_ and PLS n+ densities of Voyager 2 at closest approach agree at much better than the 10% level as discussed extensively by McNutt et al. [1981] . Using the constraints of the charge budget we can infer that the fluxes above 28 keV reported by Krimigis et al. [1979b Krimigis et al. [ , 1981 infer cannot be oxygen since this would violate local charge neutrality; a compositional assignment with substantially lower amu (such as protons!) could render a local charge budget balance. Clearly, the electron density can assist in these decisions in the future.
The emerging picture of the electron plasma in the magnetosphere is that the outer magnetosphere is a hot (2-3 keV), sparse (10-a-10-:/cm a) regime, which more or less is present at all magnetic latitudes sampled, that envelopes the plasma sheet which is formed in the presence of Jupiter's enormous centrifugal forces. The plasma sheet when observed contains electrons of lower average energy than the surroundings; however, this regime has a complicated microstate with non-Maxwellian distribution functions. The suprathermal population of electrons within the plasma sheet appear to have most recently come from this hot enveloping reservoir of 2-3 keV electrons which presumably dominates the mid-latitude range of the magnetosphere. The thermal component of the microstate within the plasma sheet, is more variable and generally has at least half of the total ambient density. The thermal population is often distributed in energy within these sheets as if in a Gaussian way with a characteristic energy width at 40 Rj as small as 50 eV.
It has been suggested that the existence of the hot mid-latitude reservoir in the magnetosphere may not necessarily require acceleration per se since these regions on closed field lines are in the peculiar situation of being simultaneously above two different exobases: one at the ionospheric foot of the flux tube, with the other at the centrifugal equator. In this situation a small sub-population of the electrons that can escape the respective exobases will find a natural place in the mid-latitude regions. The need for ancillary acceleration awaits detailed modeling of this situation.
We have illustrated some initial phases of this thermal stratification near the centrifugal equator, by illustrating the empirical fact that the mean energy of the electrons is cooler on the centrifugal side of the magnetic minimum within each plasma sheet discussed in the paper, both in the outer and middle magnetosphere. We also have illustrated that the suprathermal electron densities that have characteristic energies of kiloelectron volts, are symmetrically enhanced about the magnetic equator as predicted by the usual steady state theories.
The preferential enhancement of the cooler electron population seems to have exceeded some important minimum value with 23 R•, since the PWS team reports banded gyro.. harmonic emissions only inside of this distance, while the purportedly responsible two component electron distribution functions are observed at all radial distances that the plasma sheet has been directly observed.
The in situ electron properties of the Io plasma torus have been initially surveyed. By direct observation the electron distribution function is not a simple MaxwellJan, but possesses suprathermal populations which clearly indicates that e-e collisions have not been su•ciently frequent to define a local thermodynamic state. By inference the ions cannot be in temperature equilibrium with the electrons since the time scale for this process is longer, the ratio of scales going like the ion-electron mass ratio. The survey has been limited to date by the spacecraft becoming negatively charged, which has hampered a portion of our data reduction. We have identified several systematic variations in the microscopic and macroscopic electron parameters between 8.9 and 5.5 Rj. There appear to be at least three electron regimes with differing mean temperature; these regimes have been named the outer (or hotter), the middle (or temperate) and the inner (or cooler) toms; these three regimes have mean energies of 100, 25, and less than 5 eV, respectively. As we penetrated toward the inner toms the suprathermal fraction of the density becomes as small as 0.02% of the total density, whereas in the outer toms this fraction can be upwards of 8% by number. The partial pressures from the suprathermal electrons start to be very important in the temperate toms, and they are decidedly infiuential in the outer toms with the mean energy in the ex- 
